The condensation reaction of 1,10-phenanthroline-5,6-dione with N,N'-bis(2-aminophenyl)ethylenediamine in a 1:1 molar ratio produces the tetracyclic gem-cis-bis(aminal) 7a,12c-(2,2'-bipyridin-3,3'-diyl)-1,2,7a,12c-tetrahydro-7H,8H-2a,7,8,12b-tetraazacyclopenta(fg)tetracene methanol (1:1) (1) (Figure 1 ). The X-ray crystal structure of (1)·MeOH (Figure 3) shows the molecule to be non-planar and chiral, and comprising three sixmembered rings and one five-membered ring fused onto the back of a bipyridine moiety. Reaction of the dione with selected non-aromatic polyamines affords only 1,10-phenanthroline-5,6-diol.
Introduction
Our current interest in 1,10-phenanthroline and its metal complexes centers on the in vitro antifungal activities of this class of compound. 1, 2 . More recently, we have found that 1,10-phenanthroline-5,6-dione and its N,N'-chelated Cu(II) and Ag(I) complexes exhibit a marked improvement in ability to inhibit the growth of the pathogenic fungus Candida albicans in comparison to their 1,10-phenanthroline analogues. 3 In an effort to further enhance the antifungal activity it was decided to attempt to build an N4 macrocycle onto the back of 1,10-phenanthroline-5,6-dione, the resulting macrocyclic cavity having the ability to incorporate a 5 However, in the present study the reaction of the dione with the tetraamine N,N'-bis(2-aminophenyl)ethylenediamine in a 1:1 molar ratio in ethanol yielded, not the expected diimine macrocycle, but the tetracyclic gem-cis-bis(aminal) 7a,12c-(2,2'-bipyridin-3,3'-diyl)-1,2,7a,12c-tetrahydro-7H,8H-2a,7,8,12b-tetraazacyclopenta(fg)tetracene methanol (1:1) (1) (Figure 1 ).
Compound ( The preparation of (1)·EtOH is analogous to the bis(aminals) that form upon reacting linear tetraamines and α-dicarbonyls. 6, 7 In a similar, although not identical, reaction the acid catalyzed condensation of 1,10-phenanthroline-5,6-dione with urea produces bipyridine-glycoluril ( Figure  2 ) in high yield. The methanol solvate molecule is hydrogen bonded to N1 and N6 of an adjacent molecule, so that hydrogen-bonded chains run through the structure parallel to the b axis (Figures 4 and 5) .
X-ray crystallography
The compound crystallised as (1)·MeOH in the chiral space group P2(1) and the absolute configuration was not determined unambiguously. The chirality derives from the twisted conformation as is found in spiro compounds -there are no chiral carbons. Figure 3 shows the molecule to be non-planar, comprising three six-membered rings and one fivemembered ring fused onto the back of the now bipyridine moiety. The bonds and angles are all quite conventional (Table 1 ). Future work on (1)·EtOH will include a study its coordination chemistry and an assessment of its antimicrobial activity.
Conclusions
The condensation reaction of 1,10-phenanthroline-5,6-dione with N,N'-bis(2-aminophenyl)ethylenediamine in a 1:1 molar ratio produces the non-planar, chiral, tetracyclic gem-cis-bis(aminal) 1 ( Figure 1 ) in moderate yield. Reaction of the dione with selected nonaromatic polyamines affords only 1,10-phenanthroline-5,6-diol. 
Experimental Section
General Procedures. Chemicals were purchased from commercial sources and, unless specified, were used without further purification. Literature methods were used to prepare 1,10-phenanthroline-5,6-dione 4 and N,N'-bis(2-nitrophenyl)ethylenediamine. 9 The infrared spectrum of (1)·EtOH (in a KBr matrix) was recorded in the region 4000-400 cm -1 on a Nicolet FT-IR Impact 400D infrared spectrometer and the 1 H NMR spectrum was run on a Bruker Avance 300
MHz instrument. The mass spectrum of (1)·EtOH was carried out on a Kratos Profile mass spectrometer and microanalytical data were provided by the Microanalytical Laboratory, National University of Ireland, Cork, Ireland. X-ray crystallographic data for (1)·MeOH were collected at 150(2) K on a Bruker SMART 1000 diffractometer. The structure was solved by direct methods and refined by full-matrix least-squares on F 2 using the SHELXTL suite of programs. 10 All the non-hydrogen atoms were refined with anisotropic atomic displacement parameters and hydrogen atoms bonded to carbon were inserted at calculated positions using a riding model. Hydrogen atoms bonded to oxygen or nitrogen (N3 and N6) were located from difference maps and their coordinates allowed to refine. Details of the data collection and structure refinement are given in Table 2 . N,N'-Bis(2-aminophenyl)ethylenediamine. This is an alternative route to the compound where reduction was carried out using hydrazine hydrate rather than hydrogen gas. 9 To a suspension of N,N'-bis(2-nitrophenyl)ethylenediamine ( 
